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issues or general health problems were reported. The patient was no longer bodybuilding and denied any other hormone replacement or medical therapy. She was fully evaluated by an endocrinologist (at presentation, normal female hormone profile) and was followed long-term by her specialist.
Videostroboscopy at initial evaluation showed thick vocal folds, with blunting of the free edge bilaterally. A dull pink color was noted throughout the full length of the membranous vocal folds. There was no glottis gap with mucosal wave present bilaterally (Figure 1 ). Mild aperiodicity was also noted, and the fundamental frequency (F 0 ) was 110 Hz, clearly in the lower range for a male and below the normal range for females.
A trial of 3 months of pitch increasing speech therapy (1998) and a type 4 thyroplasty 6 (1999) resulted in very minimal improvement.
A novel endoscopic 1/3 anterior web creation procedure was then performed (2000) 7 (Figure 2 ), resulting in an increased F 0 = 215 Hz with normal perturbation measures. The patient was able to return to normal premorbid vocal function and was perceived as a female with habitual voice use. The patient had no voice complaints for ten years but returned 13 years later with new symptoms of pitch and phonation breaks, inconsistent and "weak" voice quality without change in pitch. A Voice Handicap Index-10 (VHI-10) questionnaire revealed a score of 40 (severe disability).
Videostroboscopy revealed an unchanged anterior web. However, both VF now showed marked bowing and significant spindle-shaped glottis gap with moderate aperiodicity (Figure 3) .
The patient denied new medical treatment or surgery, hormone therapy, or irregular menses. Repeat hormonal serum profile ordered by her endocrinologist now showed low level of free testosterone ( Table 1 ). At that time, she also reported symptoms of generalized fatigue. She was then started on testosterone replacement therapy, which improved energy level without any impact on perceived voice handicap.
The patient underwent bilateral type 1 medialization thyroplasty (MT) under local anesthetic with silastic blocks to augment vocal fold mass (2015), which resulted in a significant improvement in vocal function reflected by an reduction in her VHI.
| DISCUSSION
The larynx and the vocal folds are often described as secondary sexual characteristic due to their distinctive role in puberty and gender identification. 8 Many authors have studied this phenomenon by demonstrating the presence of hormonal receptors within the laryngeal tissue.
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It is therefore not surprising that our patient developed an androgenized voice with the fundamental frequency and (2015) suggests a dose and concentration dependent decrease in vocal pitch in woman receiving androgenic steroid therapy after hysterectomy. Although the changes are thought to be permanent, the follow-up period in these studies does not exceed 1-4 years.
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The findings that differ from the existing literature are the late changes in her voice 13 years later as well as the objective findings that correlate her symptoms on laryngoscopy. Instead of showing signs of androgenized vocal fold changes (thickening, edema, and shortening), she presented with thinned and atrophied vocal cords with significant impact on her voice. Although the previous literature describes androgenic effects of AAS to be permanent, no study has ever provided more than 2-to 4-year follow-up. There are a few hypotheses that should be mentioned to explain the late changes and others that should be excluded.
Firstly, the patient was 40 years of age at the time these late changes occurred and still had regular menses. Therefore, presbyphonia and menopause should not have contributed to the changes. The surgical interventions the patient underwent 10-15 years earlier are not known to cause drastic vocal cord atrophy. The superficial laminal propria of the cords and the body of the cords were never instrumented during these procedures.
One of the plausible hypotheses could be related to anabolic steroid-induced hypogonadism (ASIH), a recently described entity. Jarrow and Lipshultz first reported ASIH in 1990, by describing two cases of men with low testosterone levels 3 months and 2.5 years after discontinuing use of AAS. 4 Rahnema et al 5 published a comprehensive review of this phenomenon in 2014, describing the secondary hypogonadotropic hypogonadism by feedback suppression of the hypothalamicpituitary-gonadal (HPG) axis via inhibition of pulsatile GnRH. Only male patients were described, and there was no mention of vocal symptoms. Interestingly, our patient did have low free testosterone levels as well as generalized fatigue which both improved after testosterone therapy by her endocrinologist. It is to be noted that she did not have complete suppression of her HPG axis since she did not suffer from amenorrhea. Another explanation of these late changes could be that the effect of AAS are not permanent after all and wear off after several years leaving the vocal cords atrophied from the resorbed edema throughout the years. This hypothesis could not explain the low testosterone levels. Testosterone levels have been shown to have an impact of voice pitch and quality in recent literature studying transgender therapy. In both cases, late changes to the voice and larynx have not been described in the past due to lack of long-term follow-up in literature.
| CONCLUSION
To the best of our knowledge, this is the first report of the long-term effects of anabolic steroid on a female voice over a 20 years period. This challenging case suggests that effects of anabolic steroids on the female voice previously thought to be permanent could potentially change years after withdrawal. These changes are clinically relevant since they are difficult to treat and therefore should be disclosed to patient using AAS or receiving androgenic steroid therapy.
